INTRODUCTION
ducts makes such a system unwieldy for more than a few redundant loops. A much more efficient approach is to utilize the inherent parallel redundancy that heat pipes offer for space heat rejection applications.
Since each heat pipe with its extended heat transfer surface fins can be considered as a radiator element that is independent of all other elements and thus expendable the advantage of a heat pipe radiator in terms of modularity and minimum complexity is apparent.
Since the design of a space radiator can accommodate the loss in functionality of a certain fraction of elements over the life of a given mission, much thinner walls can be specified. As a result dramatic savings in weight can be realized when compared to a nonsegmented radiator having the same overall survival probability.
Hence there is a clear strategic advantage of segmenting large surface area radiators for space applications. The purpose of this paper is to use basic probability theory in examining the tradeoff between number of segments and the segment wall thickness in order to achieve minimum radiator mass, subject to certain assumptions regarding the total number of segments N, that are required to survive till completion of a mission. An analysis of requirements for minimum mass systems is also included in the appendix to resolve some initial discrepancies with results reported in the literature.
MATHEMATICAL ANALYSIS
The tradeoff between the number of segments and the segment wall thickness, in order to achieve minimum radiator weight, can be derived on the basis of a simple Table 1 ) and plot relative weight w and wall thickness TWfor values of N (ranging from 10 to 1000) as a function of N,/N, as shown in figure 1. Note the dramatic reduction in both weight and wall thickness that accrues because of radiator segmenting, even for as few as 10 segments, but especially by increasing the number of segments N to 1000.
To verify the theoretically derived IV,/N ratios at which minimum relative weight is achieved, table 1 shows results for relative weight and thickness for 1,000 segments (N = 1,000). Note that the minimum w value (bold number) for constant N, = 717 occurs at N,/N~0.69, rather than the 0.717 value derived in the appendix. Similarly, for constant N = 1000, the minimum occurs at N, /N -0.75 rather than the predicted e-'_" value. The reason for this is that the error in the assumption inherent in the derivations, namely p~N/N, was about 5.5 percent, as can be verified by comparing the tabulated values of p and N,/N. In table 2 the p values are more in agreement for the higher N values (N = 3000) and the lower S value (used to reduce the computations). Hence the minimum w values (bold numbers) in table 2 do occur at N,/N values which are in close agreement with the theory. As mentioned above, will be conservative (i.e., the relative weights and wall thicknesses will be even lower than shown in fig. 1 ). However, since the structure and manifolds will need to be protected by a thicker wall or a bumper shield, the benefits provided by fins will be offset to some degree, depending on the particular design of the spacecraft radiator.
Nevertheless, the utilization of finned segments that increase the radiating area without increasing the vulnerable area will provide an additional margin in the design of large segmented space radiators. The use of heat pipes, each operating independently with selfcontained heat transport loops, will further facilitate the space radiator design process.
SEGMENTED RADIATOR DESIGN EXAMPLES
Having discussed some of the theoretical basis for segmenting radiators and for utilizing heat pipes as ideal 
CONCLUDING REMARKS

APPENDIX
Determination of Minimum Relative Radiator Mass
The expression for minimum radiator mass relative to an non segmented configuration having a survival probability S of 0.999 was shown in (5) as
It was also stated, that for large values of N the value of the probability of no puncture of an individual segment, p, can be approximated by Ns/N, i.e., p = Ns/N.
Alternate Method:
The logarithmic form of (A2) is: with the corollary condition p = Ns/N, the relative mass w will minimize when the ratio of surviving number of segments to initial number of segments is -0.78 if the desired number of initial segments N is held constant.
Alternate
Method:
Writing the logarithmic form of (B3), 
